DICHLORIC ACIDS , REACTIVE CHLORINE COMPOUNDS, THEIR 
DERIVATIVES, ANIONS AND SALTS, AS WELL AS PROCESSES FOR 
THEIR MANUFACTURE AND USE 



The present invention relates to reactive chlorine compounds such as dichloric 
acids, the intermediate product peroxochloric acid as well as peroxochlorous acid and 
their individual derivatives, anions, and/or salts. It further relates to processes for 
manufacturing these compounds and their use in the pharmaceutical field, here in 
particular, in medical treatment as drugs and disinfectants, in the fields of cosmetics 
and medicinal care as histocompatible deodorants, in the field of foodstuff treatment 
and technology, in particular in the preservation of foods and beverages, as a 
bleaching agent and for drinking water disinfection, in the antimicrobial treatment of 
plants and fruits in agriculture, and as an oxidizing agent in technical chemistry and 
for cleaning waste gas. 

Oxidizing agents have a very wide range of applications in technical 
chemistry, in hygiene and in food preservation, in cosmetics and also in 
pharmaceutical uses. 

According to Polly Matzinger (Polly Matzinger: "Tolerance, Danger, and the 
Extended Family" in Annu. Rev. Immunol. 1994, 12) cells dying due to violence, i.e. 
through massive radiation effects, toxic substances, parasitic, bacterial or viral 
infective agents, lytic, non-apoptotic effects, emit danger signals. These must persist 
so that the body's own defences, which as well as the actual antigen signal require a 
non-specific co-stimulation from antigen-presenting cells (e.g. macrophages), can 
have an optimum clinical effect. 

During a violent, non-apoptotic cell death, phagocytes (so-called micro and 
macrophages) are responsible for cellular debris disposal. In this debris disposal 
process oxidatively effective oxygen metabolites are released. Hydrogen peroxide 
(H 2 0 2 ) is the most well-known of these substances. In-vitro-trials show that, in the 
micromolar range, H 2 0 2 can lead to an immune modulation of lymphocytes via the 
activation of the transcription factor HF-kappa B (R. Schreck et aL, The EMBO 
Journal 10(8), 2247-58 (1991); M. Los et al. 9 Eur. J. Immunol. 25, 159-65 (1995). 
The working group of Avraham Novogrodsky was the first to demonstrate in vitro 
that certain oxidizing agents (Bowers W.E.: "Stimulation of Lymphocytes with 
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Periodate or Neuraminidase plus Galactose Oxidase - NAGO" p. 105 - 109, Review in 
Immunochemical Techniques Part K Methods in Enzymology Vol. 150, 1987), 
among other effects, also increase the H 2 0 2 formed in the body itself co-mitogenically 
by lymphocyte proliferation due to antigen stimulation, if macrophages are 
5 simultaneously present in the lymphocyte culture (Stenzel K.H., Rubin A.L., 

Novogrodsky A.: "Mitogenic and Comitogenic Properties of Hemin." J. Immunol. 
127, 6: 2469-2473 et ibid. cit. ref.). An immune response will be incomplete or not 
even take place at all if the oxidatively effective oxygen metabolites are not formed in 
sufficient quantities in the body. Thus a tolerance or pathological anergy results. If the 
10 metabolites are produced excessively or for a disproportionately long period, then 
chronic inflammation and tissue scars will form. 

As a result of these findings, one can assume that oxidatively effective oxygen 
compounds will have a therapeutic effect, particularly in such clinical situations 
where their endogenous formation is insufficient or deteriorates before the body 
15 injuries have completely healed and the infective agents have been totally removed. A 
treatment success is expected especially in those cases where the cells are indeed 
affected by the infection but not destroyed and therefore do not emit "danger signals". 
Exemplary here are infections with leprosy and tuberculosis bacilli as well as 
infections caused by herpes and AIDS (HIV) viruses. 
20 A report was published as early as 1906 on the successful clinical use of 

potassium bichromate in the healing of ichorous chronic wounds (Fenwick, J.: "The 
Treatment of Cancer by the Use of Potassium Bichromate", British Medical Journal, 
March 6 th , 1909, 589 - 591). 

Further numerous publications, which have appeared in the meantime, show 
25 that hydrogen peroxide formed physiologically within the body - as well as the in 
vivo even more short-lived peroxonitrite which can also form from the equally 
physiological nitroxide and hydrogen peroxide - also demonstrates wound healing 
effects, whereby a positive immunomodulation plays an essential role. For example, 
the EPA-03 90829 describes a method for increasing the syngenic intradermal cell 
30 proliferation through human growth factors using hydrogen peroxide injections. Such 
a comitogenic increase in the growth factor effects of interleukin-2 was also described 
for periodate in 1987 (Wang J. et al. 9 The American Journal of Medicine 1987, 83: 
1016- 1023). 
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It is known that (co)mitogenic oxidants have intolerable side effects, such as 
e.g. for bichromate:- the now recognized carcinogenic effect of chromium oxide: For 
periodate:- iodine hypersensitivity and toxic effects. Therefore, their clinical use has 
to take place laboriously as an "adoptive transfer", i.e. the blood cells are taken out, 

5 treated in vitro and then returned in vivo - as described in the previously quoted study 
by J. Wang et al. 1987. For NAGO side effects are:- the foreign protein sensitisation: 
For H 2 0 2 :- the formation of toxic oxygen radicals. Here too, there are also technical 
problems concerning their use as drugs, e.g. for H 2 0 2 > short storage life in diluted 
aqueous solution; the catalase lability with massive oxygen gas release. For oxidized 

10 ubichinon derivatives problems are:- pharmaceutical manufacturing problems and 
limited bioavailability. 

Therefore, it was not possible up to now to transfer the experimentally 
demonstrated immunopharmacological action of (co)mitogenic oxidants in clinical 
practice into tissue regeneration/wound healing, infection resistance and the 

15 strengthening of the immune response. In clinical practice, as well as a local 
application, a systemic treatment, usually in the form of an intravenous 
administration, is also desirable. 

Theo Gilbert Hinze (US 20030133878, Composition for the treatment of 
legionella pneumophila and a method for such treatment") processed aqueous 

20 solutions of NaCl or KC1 2 (presumably the latter chemical formula here is a printing 
error) with electrochemical oxidation at pH 6.5 - 7.5. It was conjectured that, as well 
as other ions, only the 0 2 0 6 2 ~ ion could be present which at that time had been 
described only in the preceding invention. This dimer contains the chlorine atoms in 
the +3 and +5 valence states. 

25 The patent literature contains descriptions of a few further chlorine-oxygen 

preparations which are particularly used in such technical fields where they serve as 
oxidants not only in industrial technology as bleaching agents and deodorants, but 
also where they are recommended for paramedical applications such as in cosmetics 
for skin and hair care, for household cleaning, in the sanitary sector for hygiene and/or 

30 as disinfectants for surfaces (US 2,701 ,78 1 ; US 3, 1 23,52 1 ) and/or wounds 

(US 4,084,747; EP-A-0 744 895), as preservation agents for cheese (US3,147,124) 
and for the conditioning of drinking and bathing water (US 4,296,103; DE-A-44 05 
800, DE-A-19 518 464; WO 96/33947; WO 97/06098). The US 4,296,103, EP-A-0 
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136 309, US 4,507,285 and EP-A-0255145 describe the medical application of 
chlorine-oxygen preparations. 

WO 00/48940 contains a description of the preparation of a 
chlorohydroperoxide with the formula HOOC10 2 where the chlorine has valence of 5. 
5 This hydroperoxide behaves as an acid which supplies the anion O2CIOO" in an 
aqueous environment. Therefore, it was called peroxochloric acid and its anion is 
called peroxochlorate. It is reported that the combination of two peroxochlorate ions, 
under separation of an oxygen molecule, can lead to derivatives of peroxochlorate 
with one peroxo group and two chlorine atoms with different valences. This ion is 
10 allocated the empirical formula (CI2O6) 2 ". 

It is disclosed that it would be possible to manufacture stable peroxochloric 
acid and stable salts or anions thereof in solution. For example, these compounds are 
obtained in aqueous solution by the reaction of chlorine dioxide with hydrogen 
peroxide if the work is carried out at pH values which are equal to, or greater than, the 
15 pKs value of peroxochloric acid (HOOCIO2). pH values of 6.5 and more are 
preferable, and the pH range of 10 - 12 is especially preferable. 

Thus, in WO 00/48940 peroxochloric acid or its salts, peroxochloric acid and 
its salts or anions in aqueous solution, oligomeric derivatives of the peroxochlorate 
with mixed- valent chlorine atoms and their salts or anions in aqueous solution as well 
20 as the carbon dioxide adduct as an acid, an anion in solution or as a salt are disclosed. 

In the meantime, it has been proved that an isolation of a crystalline metallic 
salt of peroxochlorate, according to the specifications given in WO 00/48940, is 
unsuccessful. 

Due to the low concentrations of peroxochlorate in the preparations 
25 manufactured according to the specifications of WO 00/48940, it is only possible to 
prepare the deoxo dimers to a limited degree. 

Svensson und Nelander published the preparation of HOOCIO2 at low 
temperatures of 17K (-256,15° C) in J. Phys. Chem. A 1999, 103, 4432-4437. 

Therefore, all the published chlorine-oxygen preparations do not fulfil the 
30 requirement criteria of modern drug approval. These state that the pharmacodynamics 
of the preparation must be allocatable to a chemically defined compound as the so- 
called active substance which is to be standardized as the pharmaceutical product. 
This is also necessary in order to guarantee homogeneous drug quality. 
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The intrinsically good chlorine-oxygen compounds of WO 00/48940, and in 
particular the deoxo dimer defined there, can, up to now, only be manufactured to a 
limited degree. Therefore, a commercial exploitation appears to be impossible. 

It was therefore one object of the present invention to prepare an oxidant 

5 without the disadvantages described above. As well as the usual technical, medicinal 
and disinfectant fields of application, such an oxidant should also offer the possibility 
of formulation as a medicament for both local and systemic treatment, e.g. for 
intravenous application as, for example, a drug for tissue regeneration, for wound 
healing and defence against infections or for enhancing the immune response. 

10 Furthermore, it should fulfil the requirements of modern new drug approval 
procedures. 

Particularly, therefore, it was one object of the present invention to prepare a 
further improved oxidant and an improved process for its manufacture and 
application. 

15 This object, as well as further objects which are not specifically named but 

which are evident from the initially described status of technology, is achieved by the 

embodiments of the invention defined in the claims. 

Surprisingly, it has become evident that this object can be solved through the 

preparation of reactive chlorine compounds such as dichloric acids, the intermediate 
20 product peroxochloric acid as well as peroxochlorous acid, as well as their individual 

derivatives, anions and/or salts. 

The novel dichloric acids, according to the invention, are shown in the 

following Table 1. Among these dichloric acids, the acids numbered No 1 to No. 3 are 

particularly preferred embodiments of this invention. 
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As well as the valence pairs already described previously +3/+5 (WO 
00/48940) and +4/+4 (Bogdanchikov et al.), the dichloric acids according to the 
5 present invention No. 1 to No. 3 with valences of +6/+4 and +5/+5 for chlorine were 
manufactured for the first time according to the process of the present invention. The 
anion of the acid of No. 4 is described in WO 00/48940. The manufacturing process 
described there, however, does not work. 

In WO 00/48940 the postulation was made that the deoxo dimer is formed 
10 from two molecules of a reactive chlorine-oxygen species (peroxochlorate) via the 
reaction 

2 OOC10 2 -> C1 2 0 6 2 " + 0 2 , 

whereby the chlorine atoms are present in the oxidation numbers +3 and +5. 
However, the manufacture of a stable compound according to example 6 of WO 
1 5 00/48940, which is desirable under pharmaceutical law aspects, is not successful. 



The formation of the dimeric derivative from 2 molecules of peroxochlorate 
according to the formula 

2 OOCIO2 -> C1 2 0 6 2 ~ + 0 2 

can namely only be expected at very high concentrations of peroxochlorate 

5 (roughly from 2 to 3 mol/L). Such high concentrations, however, are impossible in 
practice due to the high instability of the compound. 

However, the examinations which led to the present invention show that the 
reaction of peroxochlorate ions O2CIOO" with chlorite ions (C10 2 ") leads surprisingly 
directly to the palette of „dimeric n C1 2 0 6 2 ~ species: 

10 0 2 C10Cr + C10 2 " -> C1 2 0 6 2 " -> -> and isomers 

Furthermore, surprisingly, with the help of the process according to the 
present invention, the preparation of the previously unknown peroxochlorite ion, 
0=C100 and the peroxochlorous acid 0=C100H derived from it is successful - in 
particular in the solutions containing chlorite according to the present invention. 

15 These chlorine compounds have not been described previously. 

Especially round about the point of neutrality, the dissociation of the 
dichlorine species C1 2 0 6 2 ~ into chlorate ions C10 3 ~ and peroxochlorite ions OCIOO" 
is a clearly competitative reaction to the described intramolecular redox reactions of 
the dichlorine species which lead to the compounds 1-4 in the above table. 

20 Insofar as reference is made to anions in the present disclosure, the presence of 

the necessary counterions (particularly in solution) is included as well. The term 
"anions" is used in particular to stress that, in solution, the dichlorate is the more 
stable form compared with the protonated acid. However, the term "anion" can, 
according to the present invention, and depending on the context, also be used in 

25 place of acid. The term "acid" can equally be used in place of „anion". 

The invention also relates to the process of manufacturing preparations which 
contain the dichloric acids and their derivatives, anions and/or salts, and/or the 
peroxochlorous acid according to the present invention and its derivatives, anions 
and/or salts. 

30 If one carries out the following steps, one can, in an amazingly simple way, 

manufacture the dichloric acids and the peroxochlorite ion according to the present 
invention. 
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Chlorine dioxide reacts with an aqueous solution or water-containing solution 
of hydrogen peroxide or another hydroperoxide or peroxide at a pH value of > 6.5, 
the pH value is lowered by adding an acid, 

the gaseous free reactive chlorine compound, preferably the protonated 
peroxochlorine compound, is expelled with a cooled gas and collected in an alkaline 
solution, 

the collected free reactive chlorine compound, preferably the peroxochlorine 
compound, is incubated at a pH between 6 and 8, preferably about 7 with an up to 
100-fold excess, preferably up to a 10-fold chlorite excess. 

The dichloric and peroxochlorous acids of the present invention, and also the 
ions which are present at physiological pH values can therefore, according to the 
invention, also be present as a mixture with peroxochlorate and chlorite in solution. 
Such a solution containing dichloric acids, peroxochlorous acid, peroxochlorate and 
chlorite according to the invention, therefore counts among the particularly preferable 
experimental practice examples of the present invention and is placed under 
protection in Claim 2. 

In WO 00/48940, in contrast, chlorite-free solutions were produced in which 
the dichloric acids and the peroxochlorous acid of the present invention are not 
contained, or, chlorite-containing preparations were produced which contained 
practically only chlorite so that they are unsuitable for pharmaceutical applications. 

Because large amounts of chlorite are detrimental to the use of dichloric acids 
according to the present invention in the pharmaceutical sector, it is especially 
advantageous if the end-product of the solutions, according to the invention, do not 
contain chlorite in more than 20-fold excess, preferably in not more than 5-fold excess 
and even more preferably in not more than a 3 -fold excess in percentage by weight 
related to the total weight of the solution. 

In particular, the dichloric acids and peroxochlorous acid according to the 
invention are present in this solution in volumes of about 0.1-20 weight %, preferably 
3-5 weight %, related to the percentage by weight of the C10 2 employed. The 
qualitative detection is successful using Raman spectroscopy. The performance of this 
type of spectroscopy is a matter of course for an expert in this field. The spectrograms 
which are obtained clearly differ from those which are obtained with the process 
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described in WO 00/48940. The determination of the quantitative share can be carried 
out using titration. 

A further qualitative detection is possible using the reaction with the heme 
iron. In the presence of the dichloric acids of the present invention, the temporal 

5 course of the change in intensity of the Soret bands is clearly different to the results of 
the solutions which were obtained with the process described in WO 00/48940. 

The process according to the invention consists of a reaction of chlorine 
dioxide with an aqueous or water-containing hydrogen peroxide (or another 
hydroperoxide or peroxide known to an expert, such as e.g. peroxocarbonate, or 

10 perborate, or the urea adduct of the hydrogen peroxide) at a pH value of 6.5 or 

greater, preferably pH 10-12. Preferably, the pH value should be kept at a constant 
level. 

Moreover, surprisingly, it has been shown that peroxochloric acid, which 
occurs as an intermediate product, as well as its anions and derivatives, can also be 
15 obtained by the reaction of chlorine dioxide with other oxidants which contain the 
peroxo group. 

The reaction can be carried out in an aqueous environment or a water- 
containing environment. For example, as well as water, solvents can be present which 
are miscible with water such as alcohols or alkanols such as methanol, ethanol or 
20 mixtures of these. 

Alternatively, other chlorine oxides can be used initially. For example, 
chlorine monoxide, preferably in its dimeric form (C1 2 0 2 ), can also be converted with 
a hydroperoxide (preferably hydrogen peroxide) to the desired product. The reaction 
is successful in the same pH range as stated for chlorine dioxide. 
25 The reaction temperature can be increased for example up to about 50°C; in 

purely aqueous systems, the lowest temperature should be preferably about 0°C. One 
should not work with chlorine dioxide under +10°C however, because the chlorine 
dioxide gas liquefies below this temperature and deflagration can occur. If additional 
organic solvents and/or high concentrations of the active reagents are present, then 
30 lower temperatures, i.e. below the freezing temperature of water, can be used. 
Preferably, work takes place at room temperature. 

The chlorine dioxide required for the reaction is available to experts and can 
be manufactured in the usual way. For example, it can be manufactured by the 
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reaction of a chlorite with an acid (e.g. sodium chlorite with sulphuric acid) or by the 
reduction of chlorate - for example with sulphurous acid. 

The chlorine dioxide thus obtained can be liberated in the usual manner - if 
necessary after removal of traces of chlorine (Granstrom, Marvin L.; and Lee, G. 
Fred, J. Amer. Water Works Assoc. 50, 1453-1466 (1958)). 

If the chlorite used to make C10 2 is contaminated with carbonate, the C10 2 
will be contaminated with CO2 and/or the carbonic acid adducts described in WO 
00/48940. In order to absorb the carbon dioxide, the gas stream containing chlorine 
dioxide and carbon dioxide should be directed through a washing bottle filled with a 
lye. During short contact times, the C0 2 but not the C10 2 will be absorbed by the lye. 
It is preferable, however, to remove the carbonate contamination by fractioned 
crystallisation of the sodium chlorite which is used. A contamination of the 
peroxochlorate with carbonate can be easily recognized on the Raman spectrum. 
Instead of sharp bands at 1051 cm" 1 , one obtains a double band 1069 cm" 1 (wide) and 
the important bands, within the scope of the invention, at 1051 cm" 1 (sharp). 

The chlorine dioxide can be transported with an inert gas such as nitrogen or 
with a rare gas such as argon, however, air or oxygen for the reaction with the peroxo 
compound or the hydroperoxide such as hydrogen peroxide or perborate can also be 
used. For example, it is possible to make the chlorine dioxide in a first reaction vessel 
and then to introduce it with the above mentioned gases or mixtures of them into a 
second reaction vessel which contains the peroxo compound (peroxide or 
hydroperoxide) in an aqueous or water-containing solution. 

The pH value of the reaction mixture is kept equal to, or above, 6.5 by adding 
a base. It is preferable to keep the pH value constant. This can be carried out either 
manually or by using a „pH stat". 

The usual organic or inorganic bases can be used such as bases, for example 
caustic soda solution or caustic potash solution or alkaline-earth hydroxides as well as 
ammonia; or organic bases such as nitrogenous bases. Furthermore, the hydroxides 
from of quaternary ammonium salts in particular alkyl, trialkyl or tetraalkyl 
ammonium hydroxide, or zinc hydroxide can also be used. 

The content of hydroperoxide in the reaction mixture can, for example, be 
determined using potentiometric titration with an acid such as hydrochloric acid. 

The solutions obtained according to the procedures described above can be 
used in both the form in which they were made or in variations of this. For example, 
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superfluous hydrogen peroxide can be removed in the usual way, e.g. with a heavy 
metal compound such as manganese dioxide. Surpluses of the other oxidants can be 
removed with similar means. 

Surpluses of chlorine dioxide (C10 2 ) can be removed with H 2 0 2 . This should 
take place as soon as possible, otherwise via 

2 C10 2 + 20H" -> C10 2 " + CIO3" + H 2 0 

disturbing CIO3" with pentavalent chlorine (chlorate) will be formed. A 
product containing chlorate is however undesirable. 

In order to improve the storage life of the reaction product, storage at a high 
pH value is suitable, for example, pH 10 and above. The adjustment of this pH value 
can be carried out with a suitable base - as described previously in the manufacturing 
procedure. 

In the manufacture of solutions which contain the dichloric acids and/or the 
salts of these acids, surprisingly, it is possible to expel and collect the free acid 
HOOCIO, the dichloric acids or the peroxochloric acid out of the mixture containing 
chlorite ions with an inert gas such as a noble gas, e.g. argon, or with nitrogen or with 
the gases oxygen or air, while lowering the pH to below 6, e.g. pH 5, or less. 
Surprisingly, it has been demonstrated that the yield can be enormously increased if 
the gas stream distance is kept very short and the stream is cooled. 

The mixture which forms after the start of step (a) in the manufacturing 
procedure described above contains, at first, very high concentrations of chlorite ions 
(C10 2 ). The chlorite content, however, can be considerably reduced by the "passing 
over" in a gas stream in a basic solution. In this process, all types of chloric acids are 
expelled as volatile compounds in protonated (neutral) form. These are however very 
instable. A base is present in the receiving vessel through which the chloric acids are 
deprotonated and the anions are formed. After the solution has been adjusted to pH 6- 
8, and after defined volumes of chlorite - for example, in the form of sodium chloride 
- have been added, the anions of the dichloric acids are formed. 

Collection can be carried out, for example, in a base, such as an alkaline metal 
base, alkaline-earth metal base or a zinc base or nitrogenous base such as ammonia or 
an organic amine. It is also possible to freeze out the gaseous acids in a cold trap (e.g. 
at -100 to -190 °C). 

Counterions can be all metal cations and organic cations such as those from 
nitrogenous bases, in particular quaternary ammonium salts. The choice of the most 
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suitable cations can be determined from the individual purpose of use. For 
pharmaceutical applications, alkaline earth or alkaline metals, preferably Na + or K + , 
or Zn 2+ are most suitable. In technical applications, organic cations, such as cations 
from nitrogenous bases, in particular alkyl ammonium cations such as trialkyl 
ammonium cations or especially quaternary ammonium cations can be used. 

It is appropriate and preferable to store the acid and the salts, according to the 
present invention, in the dark and to make aqueous solutions with high pH values out 
of them, e.g. with pH values of 10, 1 1 or 12 and above, in particular the range of pH 
10 to pH 13, in order to ensure a long storage life. Depending on the need, the free 
acid can be regained from such solutions in the manner described previously and, if 
necessary, can be converted to solutions with the desired pH value or into salts. 

The dichloric acids according to the present invention, their derivatives or 
anions and salts of these, can be used as they are, but particularly also in aqueous or 
water-containing solutions, as oxidants for very different medical, cosmetic, technical 
and agricultural purposes. 

Examples for possible test systems are included in the initially named 
publications and patent documents, which are included herein in this respect by 
reference. 

An application possibility exists in the use as pharmaceutical preparations 
(medicaments), or for the manufacture of medicaments, which can be administered in 
all possible methods, in particular topically but also parentally. The medicament can 
be formulated in the usual way with the usual pharmaceutically well-tolerated 
vehicles and diluting agents. 

The present invention also relates to pharmaceutical preparations which 
incorporate the dichloric acids or peroxochlorous acid, respectively, according to the 
present invention, their anions, derivatives or salts as the active substance and which 
can be used in particular to treat the illnesses mentioned in the introduction. 
Especially preferential, are preparations for enteral administration such as nasal, 
buccal, rectal and especially oral administration (preferably avoiding the acid of the 
stomach, e.g. gastric juice-resistant preparations such as capsules or coated tablets), as 
well as particularly for local or parenteral treatment, such as intravenous, 
intramuscular or subcutaneous administration to homothermal animals - in particular 
humans. The preparations contain the active substance alone or preferably together 
with one or more pharmaceutically applicable vehicle materials. The dosing of the 
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active substance depends on the illness being treated as well as the species being 
treated, its age, weight and individual condition, individual pharmacokinetic 
circumstances as well as the method of application. Preferably, the dosage for the 
enteral or particularly the parental administration (for example by infusion or 
injection) (most favourably in humans) lies in the range of 0.01 to 100 pmol/kg, in 
particular between 0.1 and 100 pmol. Therefore, for example, a person with a 
bodyweight of 70 kg should receive 1 mg to 1 g/day, in particular between 8.5 mg and 
850 mg/day, administered in one dose or split up into several smaller doses. For local 
application, the preferable dosage range lies between 0.1 and 10, in particular between 
0.5 and 5 mL/100 cm 2 of a 0.1 to 10 millimolar solution (correspondingly more or less 
for larger or smaller surfaces - either applied directly or using, for example, bandages 
out of impregnated gauze). 

Thus the invention also relates to a method - for the prophylactic and/or 
therapeutic treatment of the pathological conditions described here, in particular for 
the prophylactic and/or therapeutic treatment of diseases where a strengthening of 
tissue regeneration, an immunomodulation, an improvement of vaccination reaction 
or a radiation sensitisation is indicated and successful, or one or more of these effects, 
in particular in the treatment of wounds in warm blooded animals - incorporating the 
administration of the dichloric acids or peroxochlorous acid, respectively, its anions, 
derivatives or salts, according to the present invention, in an effective dosage against 
the aforementioned diseases to a warm blooded animal, e.g. a human being who 
requires such a treatment. 

The invention also relates to a pharmaceutical composition - for the 
prophylactic, and in particular, for the therapeutic treatment of the disease conditions 
described here, preferably for the prophylactic and/or therapeutic treatment of 
diseases where a strengthening of tissue regeneration, an immunomodulation, an 
improvement of vaccination reaction or a radiation sensitisation is indicated and 
successful, or for one or more of these effects, in particular in the treatment of 
wounds, preferably of a warm blooded animal who is suffering from such a condition 
- which contains dichloric acids or peroxochlorous acid, respectively, its anions, 
derivatives or salts, according to the present invention, in a prophylactically, or in 
particular, therapeutically effective dosage against the aforementioned diseases and 
one or more pharmaceutical^ applicable vehicle materials. 
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The invention also relates to a procedure - for the treatment of pathological 
conditions preferably for the prophylactic and/or therapeutic treatment, in particular 
of a warm blooded animal, especially a human being, where a strengthening of tissue 
regeneration, an immunomodulation, an improvement of vaccination reaction or a 
radiation sensitisation is indicated and successful, in particular in the treatment of 
wounds in warm blooded animals- which incorporates the administration of the 
dichloric acids, or peroxochlorous acid, respectively, its anions, derivatives or salts, 
according to the present invention, in an effective dosage against the aforementioned 
diseases to a warm blooded animal, e.g. a human being who requires such a treatment. 

The invention also relates to the use of the dichloric acids and/or the 
peroxochlorous acid and their derivatives, anions or salts, according to the present 
invention, in a procedure for the treatment of an animal or human body. 

Therefore, the invention also relates to the use of the dichloric acids and/or the 
peroxochlorous acid and their derivatives, anions or salts, according to the present 
invention, preferably for prophylactic and/or therapeutic treatment of diseases, in 
particular of a warm blooded animal, especially a human being, where a strengthening 
of tissue regeneration, an immunomodulation, an improvement of vaccination 
reaction or a radiation sensitisation is indicated and successful, in particular in the 
treatment of wounds. 

The invention also relates to the use or a method for the use of the dichloric 
acids and/or the peroxochlorous acid and their derivatives, anions or salts, according 
to the present invention, for the (cosmetic) care of the skin, for example when a 
person has a tendency to develop spots and pimples (e.g. acne) or if pimples are 
present. 

Dosage unit forms are e.g. dragees, tablets, ampoules, vials, suppositories or 
capsules. Further administration forms, in particular for solutions of the dichloric 
acids and/or the peroxochlorous acid and their derivatives, anions or salts, according 
to the present invention, are e.g. ointments, creams, pastes, gels, foams, mouthwash, 
drops, sprays and similar. The dosage unit forms, e.g. ampoules, tablets or capsules, 
contain preferably between about 0.05 g to about 1.0 g, in particular from 8.5 mg to 
850 mg, of a salt of the dichloric acids their anions or derivatives according to the 
present invention with the usual pharmaceutical vehicle materials. 
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The pharmaceutical preparations of the present invention were essentially 
manufactured in the known manner, e.g. using conventional mixing, granulating, 
coating, dissolving or lyophilising methods. 

In a preferential experimental procedure, a 0.05 to 1 M solution of a dichloric 
acid salt or the peroxochlorous acid and/or a salt of its derivatives can be dissolved in 
bidistilled water at a pH equal to or > 10, preferably 10 to 13, in particular 12.5. 
Immediately before administration, this solution is diluted with common salt, sodium 
or potassium bicarbonate and bidistilled water to isotonie in concentrations of about 1 
- 5 mM approaching the physiological pH. This solution is suitable for parental, 
preferably intravenous application. 

In order to make a preferential formulation of a drug for topical use, the 
method of choice is to dissolve the dichloric acids and/or the peroxochlorous acid or 
their derivatives, according to the present invention, as salts in bidistilled water with 
concentrations in the lower millimolar or in the upper micromolar range - preferably 
in the concentration range of 0.5 - 5 mM with the pH equal to or > 10, in particular 10 
to 1 3, most preferably e.g. pH 1 1 .5 and adjust the solution to isotonie with glycerine 
or common salt or another suitable well-tolerated, preferably physiological agent. 
Before application, a physiological pH is set with HC1. Further additives are possible. 
In particular, in connection with the filling of the medicament into plastic containers, 
such additives are suitable which can neutralise traces of transition-metals, because, 
during storage, transition-metals in the walls can be dissolved and can catalyse a 
degradation of the active substance. Examples of such additives are oligo and 
polyalcohols, such as ethylene glycol, desferoxamine or EDTA (e.g. as disodium 
EDTA). The solution which is obtained in the above manner can also be applied 
directly to wounds. 

The anions of the dichloric acids or peroxochlorous acid according to the 
invention are stable, the acids themselves decompose relatively quickly. Therefore, an 
active substance stabilisation can be carried out using the pH. In order to improve 
tolerance, the active substance solution can be lowered to an almost physiological pH 
by buffer dilution immediately before use. This is adequate for a deployment of the 
pharmacological action throughout the body, because this action does not rely on the 
receptor-ligand interaction of a conventional drug, but it is, as previously stated, 
related to a fast and irreversible oxidation reaction. The pharmacological action 
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remains in effect as long as the cell and/or its chemically changed structures are 
present, i.e. it is not terminated after diffusion of an active substance from a receptor. 

Examples for indication fields in which an enhancement of tissue regeneration 
is successful, either prophylactically or in particular therapeutically, for the treatment 
of a pathological condition are the regeneration after physical damage (e.g. traumatic 
contusions or lacerations, short-wave rays, radioactive radiation) and after chemical 
damage (e.g. through tissue poisons, such as Lost, chemotherapeutic agents). A 
further application area in this field is the improvement of wound healing - in 
particular stubborn so-called "spontaneous" wounds -which occur as a result of a 
primary disease (e.g. Diabetes mellitus, vascular disorders, immunosuppression or the 
result of old age) and which will not heal. Outstanding examples of such disorders are 
bedsores and chronic varicose ulcers. Here, wound treatment is to be understood as 
treatment of wounds of the skin, mucous membranes and other tissues such as e.g. 
liver, myocardium or bone marrow. 

Because the dichloric acids or peroxochlorous acid according to the invention 
are defined compounds, there are no related difficulties in new drug approval. 

Figure 1 shows the results of the cell culture experiments (stimulation of 
growth of fibroblasts) as shown in Example 3. These were obtained with active 
substance concentrations in the culture medium of 100 \iM chlorite and 50 |iM of 
reactive chlorine (RC = sum of the anions of all dichloric acids and the 
peroxochlorous acid). 

Here, a growth stimulating effect of 20-25% of the trial solution 1, which 
includes both dichloric acids according to the invention and also chlorite, is clearly 
recognisable in the cell culture which, in relation to the controls, is significantly 
higher. 

The application of the solutions containing only RC or chlorite shows exactly 
how the controls have no effect whatsoever on the growth behaviour of the 
fibroblasts. 

Figure 2 shows the titration of the anions of the peroxo acids (dichloric acid, 
peroxochlorous acid) present in the solution to determine the concentration of the acid 
ions. In figure 3, the titration curve derived from figure 2 is shown which provides 
exact concentration determination. 
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Figures 4 and 5 are examples of UV spectra. The UV absorption 
measurements permit the determination of the chlorite concentration and show any 
dissolved free chlorine dioxide which may be present. 

Figure 6 shows a mass spectrum of the product solution whereby the 
5 peroxochlorite (mass 83.2) and the anion of the dichloric acid (mass 189) were 
identified. 

In figure 7, the results of an ion chromatography are shown. The retention 
times of reference substances are provided in Example 4 part 5. The dichloric acid is 
detected at 19.77 min, whereby no chlorate (C10 3 ~) is determined which excludes 
10 chlorate as the cause of the peak in the mass spectrum at 82.3 in figure 6. 

Figure 8 shows decay rate kinetics with three bacteria strains, E. coli, 5. 
aureus and P. aeruginosa. In all three strains, a bactericidal action according to DIN 
58940 was obtained with the product solution. 

The following examples provide more details about the invention, these 
15 should however by no means be understood in a limiting sense. 

Example 1: Preparation of the dichloric acids 

Carefully, drop for drop, sulphuric acid (96 %) is stirred into a solution of 100 
g anhydrous sodium chlorite in 200 mL water. The chlorine dioxide which forms is 

20 expelled using a strong gas stream (Ar, N 2 or 0 2 or C0 2 -free air). The gas stream must 
be so strong that the content of C10 2 does not exceed 5 % (danger of explosion). In 
order to trap elemental chlorine, the gas stream containing C10 2 is introduced into 
three washing bottles attached to each other which are each filled with 30 mL of a 2 
M NaC10 2 solution at pH 1 1 , in a solution of 1 5 mL of 30% hydrogen peroxide in 35 

25 mL of water, which had previously been adjusted to pH 12 by adding 4M caustic soda 
solution. A solution of sodium perborate or sodium percarbonate or another peroxo 
compound, such as e.g. the H 2 0 2 adduct of urea can be used instead of hydrogen 
peroxide. During the introduction of the gas, the pH value is controlled with a glass 
electrode. By adding 4M NaOH, the pH value during the reaction can be kept at 12. 

30 The hydroperoxide or peroxo compound are exhausted when the inflow of gas leads 
to a permanent yellow coloring. A drop of the solution of the oxidant (e.g. H 2 0 2 ) will 
subsequently decolorize the yellow solution again. 

While stirring, the solution containing reactive chlorine is dripped into a 
solution of 500 g citric acid in 3 litres of water which has previously been adjusted to 



18 



pH 4.5 with 2 M caustic soda solution. During this addition, the reactive chlorine 
compound which forms is expelled with a strong gas stream (N 2 or 0 2 ). Preferably, 
the gas stream should be cooled. The tube connections should be as short as possible. 
The gas is collected, for example in three washing bottles which are attached behind 
each other and which are each filled with 50 mL 0.1 M NaOH. 

The contents of the three washing bottles are combined and kept at pH > 10. 

In order to form the dichloric acids according to the invention, the pH is 
adjusted to 7 - for example with hydrochloric acid - and a 10-fold molar excess of 
sodium chlorite is added. For storage, preferably, the pH should be adjusted to about 
more than 10 up to about 13. 

The total content of reactive chlorine anions is determined by potentiometric 
titration with 0.1 M HC1 with the usual method known to the man skilled in the art. 

The dichloric acids which are formed are present in solution in a mixture with 
a defined volume of chlorite as well as further reactive chlorine compounds. 

The presence of the dichloric acids is detected with Raman spectroscopy. 

Example 2: Cultivation of MRC 5 fibroblasts 
Solutions: 

Culture medium for MRC 5: 

89 mL IF basal medium 

10 mL FCS (foetal calf serum) 

1 mL L-glutamine stock solution 
IF basal medium 

The IF basal medium is a 1 :1 mixture of IMDM (Iscove's Modified 

Dulbecco's Medium) and Ham's F12 medium 
L-glutamine stock solution 

200 mM L-glutamine are dissolved in IF basal medium and sterilized 

by filtration. 
Cultivation: 

The MRC 5 cell line used is seeded in non-gelatine coated cell culture dishes. 
The subsequent cultivation is carried out in an incubator at 37°C and 5 vol % C0 2 in a 
water vapour saturated atmosphere. Every second to third day, the culture medium is 
changed and after confluence is reached the cells are passaged with a separation rate 
of 1:5 to 1:10. 
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Example 3: Cell biological test of active substance 
Solutions: 

culture medium for MRC 5: 

89 mL IF basal medium 

10 mL FCS (Foetal Calf Serum) 

1 mL L-glutamine stock solution 
serum-reduced culture medium for MRC-5: 

98 mL IF basal medium 

1 mL FCS (Foetal Calf Serum) 

1 mL L-glutamine stock solution 
PBS (Phosphate Buffered Saline): 

140 mM NaCl, 3 mM KC1, 8 mM Na 2 HP0 4 and 1 .5 mM KH 2 P0 4 are 
dissolved in water, whereby a pH value of 7.2 - 7.4 is set. The solution 
thus obtained is sterilized by autoclaving. 
Cell lysis buffer 

0.04% SDS (stock solution 10% SDS) 

2x SSC (stock solution 20x SSC) 

to obtain 25 mL of finished cell lysis buffer, 5.0 mL 20x SSC and 
100 nL 10% SDS are filled up to 25 mL with PBS. 
DAPI solution 

2 nM DAPI in PBS 
Cultivation: 

The MRC 5 cells are seeded at 400 cells/cm 2 in a 24 well cell culture plate. 
The subsequent cultivation is carried out in an incubator 37°C and 5 vol. % C0 2 in a 
water vapour saturated atmosphere. After 24 hours of precultivation, the culture 
medium is suctioned off and the cells are washed with PBS. The culture medium is 
then changed to serum-reduced culture medium and the active substances to be tested 
(the following table shows an overview) are added. 

After 24, 48 and 72 hours, the proliferation of the cells is determined by 
quantification of the cellular DNA in a fluorometer (Novostar - Company: BMG 
Labtechnologies) after DAPI staining. Here, the increased fluorescence in the samples 
is equal to a proliferation of the cells. 
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The plate to be measured is washed once per well with 500 |il PBS and then 
250 |il PBS is placed in each well. 250 \il lysis buffer are added and the cells are lysed 
in a shaker at the lowest setting for 30 min at RT. Subsequently, 500 ^1 DAPI solution 
is added and the plate is left to stand for a further 10 min at RT. 
5 The plate is measured at 355 nm ex. and 460 nm em. in the Novostar. 

Normally, work is carried out with a gain adjustment of 1400 - 1600. 

The multiple determinations are averaged and the error values are calculated. 
The data obtained is evaluated graphically. 

The following stock solutions are used: 
10 Table 2 Combination of the active substances used 

f Concentration of the stock solutions! 



Designation 


Content of [mM] 


Content of chlorite 
[mM] 


Comment 


Control 






Serum-reduced culture 
medium 


Sample 1 


40 


6 


in serum-reduced 
culture medium 


Sample 2 


40 




in serum-reduced 
culture medium 


Sample 3 




6 


in serum-reduced 
culture medium 



Observed growth stimulation of fibroblasts: 

15 For use in the cell culture, the solutions are first diluted in the given culture 

medium. The results shown in figure 1 were obtained with active substance 
concentrations of 100 |iM chlorite and 50 of the RC (= mixture of the dichloric 
acid and the peroxochlorous acid, according to the invention, or the anions thereof). 

Here, a growth-stimulating effect of 20 -25% of the sample solution 1, which 

20 contains both RC and also chlorite, is clearly recognisable and this is also 
significantly higher in relation to the control. 
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Example 4: Analytical determination of the solution obtained from 
Example 1 : 

1 ) pH measurement: 

The pH measurement is made with a single-rod glass electrode. The product 
content and the position of the equilibrium is dependent on the pH value. 

2) Titration with 0. 1 M HC1: 

The titration serves for example for the quantitative determination of the 
dichloric acid content or also the content of peroxochlorous acid or the 
peroxochlorate. 

1 mL each of the product solution are titrated potentiometrically with 0.1 M 
hydrochloric acid. The titration curves are recorded (pH vs. mL 0.1 M HC1). From the 
acid consumption measured in the derivation of the titration curve between pH 8.5 
and 4.5, the anion content from the corresponding acids is determined as a sum. 

In a typical result, 1 mL product solution results in a consumption 0.72 mL 0.1 
M HC1 and thus a concentration of 0.072 M. 

Figure 2 shows a recorded titration curve: 

The derivation of the titration curve and the determination of the concentration 
are shown in figure 3. 

3) UV-Vis absorption spectrum: 

The measurement of the UV spectrum serves the quantification of the chlorite 
content in the product solution. For comparison, Figures 1 and 5 show spectra of a 
chlorite-containing and a chlorite-free product solution. The chlorite signal is seen at 
260 nm; chlorine dioxide, which originates from the process, shows a signal at 360 
nm. 

The absorption values are determined at 260 nm and 500 nm in 1 cm quartz 
cuvettes. The C10 2 ~ion content is determined from the difference A260 - A500 and 
with the help of the extinction coefficient for chlorite of e260 nm = 140 M -1 cm" 1 at 
260 nm. 

An absorption at 360 nm suggests free chlorine dioxide (e360 nm = 1260 M" 

1 -K 

cm ). 

4) Mass spectroscopy 

The ESI mass spectrometry was carried out with a Bruker Esquire-LC 
spectrometer in the standard MS mode. The sample was an aqueous product solution 
which had been diluted with methanol before the measurement. The scan range used 
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lay between 30 m/z and 400 m/z with capillary exit -65, voltage and skim -15 V; the 
spectrum represented an average value from 50 measurements. 

The arrow on the right in Figure 6 points to the signal of the dichloric acid 
(sum formula: C1 2 0 6 2 ") 3 the arrow on the left shows the previously unknown 
peroxochlorite species (sum formula: CIO3). 

5) Ion chromatography 

All analyses were carried out with a modular ion chromatography system from 
the Metrohm company. 

Pump: Metrohm IC 709 Pump 

Detector: Metrohm 732 IC Detector 

Suppressor: Metrohm 753 Suppressor Module 

Column: Metrosep A 250 

Flow rate: 1 ml/min 

Injection volume: 20 jliL 
Eluent: ImMNaOH 

Immediately before each measurement, known concentrations of the reference 
substances were freshly prepared. These were then measured with the method 
described above and with the eluents stated. 

Retention times of the reference substances: 

Substance Retention time [min] 

NaCl 13.21 

NaC10 2 12.30 

NaClOs 16.26 

NaC10 4 436 

NaOH 17.32 

Na 2 C0 3 21.98 

Na 2 Cl 2 0 6 19.77 

Figure 7: In the ion chromatography, the dichloric acid shows a typical peak as 
a retention time of 19.77 min. None of the known reference substances could be 
detected. The ion chromatography confirmed the findings of the mass spectroscopy. A 
chlorate-typical peak (NaC10 3 , retention time 16.26 min) cannot be detected in the 
solution prepared according to Example 1 . Therefore, the peak with the sum formula 
CIO3" in the mass spectroscopy (Fig. 6, mass 83.2) can only be the new 
peroxochlorous acid or anions thereof. 
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Example 5: Bactericidal action of the solution obtained from Example 1 : 
Decay kinetics according to DIN 58940 
Solution according to Example 1 was used in a 1:10 dilution. 
Test organisms: Escherichia coli ATCC 25922, Pseudomonas aeruginosa 
5 ATCC 27853, Staphylococcus aureus ATCC 292 1 3 

Nutrient medium: Casein peptone - Soya peptone (Ph.Eur.2.6.12) 
Bacteria incubation time: 18 h +/- 1 h 

The result is shown in the following Table 3 as well as in Figure 8. Thus, the 
bactericidal action of the solution used has been proved according to DIN 58940. 
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Table 3: 





E. coli Na 




P. aeruginosa NaCl 




S. aureus NaCl 




Time 
(n) 


cfu/ml 


log 

cfu/ml 




cfu/ml 


log 

cfu/ml 




ctu/ml 


log 

cfu/ml 




0 


1.04E+06 


6.02 


o.uz 


1.58E+05 


5.20 


J .Z.U 




o.JU 




2 


5.60E+05 


5.75 


D. /.> 


8.60E+05 


5.93 


J.7J 


9.00E+05 




S OS 


4 


5.00E+05 


5.70 


5. /U 


6.00E+05 


5.78 


Z>. / O 


1.12E+05 


5.05 


S OS 

J .UJ 


6 


8.60E+05 


5.93 


5.93 


5.40E+05 


5.73 


j.l 5 


9.80E+05 


5.99 




24 


1.04E+06 


6.02 


6.02 


7.60E+05 


5.88 


5.88 


8.00E+05 


5.90 


5.90 










































Trials with 300ng/ml 
DPOLC 


















E. coli DPOLC 




P. aeraginosa DPOLC 




S. aureus DPOLC 




Time 
(h) 


cfu/ml 


log 

cfu/ml 




cfu/ml 


log cfu/ml 




cfu/ml 


log 

cfu/ml 




0 


4.60E+05 


5.66 


J. DO 


1.04E+06 


6.02 


o.uz 


1.22E+05 


5.09 




2 


<20 


<1.30 


1 30 


<20 


<1.30 


1.30 


2.20E+02 


2.34 


2.34 


4 


<20 


<1.30 


1.30 


<20 


<1.30 


1.30 


<20 


<1.30 


1.30 


6 


<20 


<1.30 


1.30 


<20 


<1.30 


1.30 


<20 


<1.30 


1.30 


24 


<20 


<1.30 


1.30 


<20 


<1.30 


1.30 


<20 


<1.30 


1.30 



